Introduction
Preventing the initiation of injection drug use is critical to reducing the transmission of blood-borne pathogens such as human immunodeficiency virus (HIV) and curbing other drug-related harm [1] [2] [3] . The transition from non-injection to injection drug use, which frequently occurs during adolescence and early adulthood [4, 5] , remains poorly understood among street youth, a socially and economically disadvantaged population that often eludes population-based studies because of high rates of residential instability [6] . The term 'street youth' is generally applied to adolescents and young adults who spend significant time working or living on the street [7] , of whom a large proportion, though not all, are homeless [8] . In multiple locations worldwide, this population reflects a 'hidden' demographic marked by alarmingly high rates of HIV infection [9] [10] [11] .
Rates of injection drug use are similarly concerning, with one recent multicenter study of Canadian street youth revealing a lifetime prevalence of 22.3% [12] . Similarly, a nationally representative US survey of homeless youth reported that 17.1% had previously injected [13] . Based on one recent estimate that Montreal street youth transition to injection at a rate of 8.2 per 100 person-years [14] , it is expected that approximately 100 Vancouver street youth initiate injection drug use annually [15] . An accumulating body of evidence suggests that among these youth, those transitioning to injection earlier in adolescence will be more likely to engage in more intense patterns of substance use and risky practices such as receptive syringe sharing [4, [16] [17] [18] .
Public health efforts to prevent the spread of HIV and other drug-related harm could therefore benefit from a better understanding of which specific pre-injection drug use patterns predispose youth to injecting. Several epidemiological studies have indicated that many injection drug users engage in non-injection use of heroin or cocaine before later injecting these same drugs [3, [19] [20] [21] [22] . However, many of these studies have focused on older drug users rather than street-recruited youth, who may experience a different pathway to injection drug use [23] . Of the studies that have explicitly examined street youth, almost none have adequately examined how the transition to injection is related to the use of newly emergent or resurgent drugs, such as crystal methamphetamine [24] .
Preventative efforts also urgently require an improved understanding of the social and environmental circumstances surrounding first injection experiences of youth [22, 25] . There may be important gender differences underlying the reasons for transitioning to injection, the other persons present at the time of first injection and the source and safety of equipment used [26] . Female youth, in particular, may be more likely to share injection paraphernalia, placing them at great risk for disease transmission [27] . Better insight into this interplay between drugrelated and interpersonal circumstances at the time of first injection may aid program developers in designing more effective and socially appropriate interventions.
In the present study, we sought to identify non-injection drug use patterns and other sociodemographic characteristics associated with injecting among a cohort of street-recruited youth. We also aimed to describe the circumstances of first injection and highlight important personal and environmental differences that may exist between male and female initiates.
Methods

Study Sample
The At Risk Youth Study (ARYS) follows a cohort of youth with extensive street involvement in Vancouver, Canada. The study has been described in detail previously [28] . Recruitment of youth in the present analysis occurred from October 2005 to November 2007. Inclusion criteria for the ARYS study are twofold: (1) 14-26 years of age at the time of enrollment, and (2) use of an illicit drug other than or in addition to marijuana during the 30-day period prior to enrollment. Participants were recruited through extensive street-based outreach methods and subsequently aided in recruiting others through snowball sampling. Although no explicit inclusion criterion required that youth spend a minimum amount of time on the street or actually live on the street to qualify for the study, in practice, the street-based recruitment produced a sample of youth who spent extensive time on the street, a large proportion of whom were homeless.
At baseline, participants completed an interviewer-administered questionnaire, thus providing sociodemographic data and information on drug-and sex-related behaviors. ARYS was approved by the Research Ethics Board at the University of British Columbia.
Factors Associated with Injection
The primary outcome, or dependent variable, was having a lifetime history of injection drug use, regardless of the particular drug injected. Independent variables were defined a priori and were selected based on their known effect (i.e. from the literature) or hypothesized effect on the risk of injecting. Specifically, we hypothesized that non-injection drug use patterns and other drug-related behaviors could be identified that are associated with greater odds of injection drug use.
The drug-related independent variables we examined included: non-injection heroin use (ever vs. never), non-injection powder cocaine use (ever vs. never), non-injection crack cocaine use (ever vs. never), non-injection crystal methamphetamine use (ever vs. never), previous daily marijuana use (yes vs. no), positive screen for adolescent drinking behaviors according to the Perceived Benefits of Drinking (PBD) scale ( 6 3 of positive responses vs. ! 3 positive responses), age of first drug use (modeled as a continuous variable) and 6 CAD 50 spent on drugs per day (yes vs. no). Although we were interested in lifetime history for most drug use behaviors, lifetime history of marijuana use was known to be very common in the ARYS cohort, and the cohort was known to have a large subpopulation that had previously engaged in daily usage of marijuana (unpubl. data). For these reasons, we chose to examine daily marijuana usage, rather than lifetime history of usage, as a possible correlate of injection drug use. The PBD scale is a five-item instrument validated among adolescents that examines reasons for drinking and that has been used as a screening tool for alcohol abuse [29] .
We also examined a series of sociodemographic and other non-drug-related behavioral variables that, based on earlier studies or our prior hypotheses, could confound the relationship between drug-related variables and risk for injecting. These variables included: gender (male vs. female), current age (modeled as a continuous variable), ethnicity (aboriginal vs. all other ethnicities), prior completion of or current enrollment in high school (yes vs. no), history of homelessness (ever vs. never) and self-reported lifetime history of any form of mental illness (yes vs. no).
We examined this range of drug-and non-drug-related variables in a series of univariate analyses. Univariate analyses employed Pearson's 2 test for dichotomous variables and the MannWhitney test for continuous variables. Significant covariates (p ! 0.05) in univariate analyses were then included in a multiple logistic regression model to examine the adjusted effects of these covariates on the odds of injection drug use. circumstances surrounding their first injection. Participants were stratified by gender to examine differences between males and females. Pearson's 2 test was used to examine differences in proportions, except where expected cell counts were fewer than five; in these cases, Fisher's exact probability test was used.
Describing Circumstances of First Injection
Analysis
We performed all statistical analyses using SAS version 9.1 (SAS Institute Inc., Cary, N.C., USA) and Intercooled Stata 10.0 (StataCorp LP, College Station, Tex., USA). All reported p values are two-sided and considered significant at p ! 0.05.
Results
From October 2005 to November 2007, 560 youth were recruited into the ARYS cohort. Among participants, the median age was 22 years [interquartile range (IQR): 21-24 years], 381 (68.0%) were male, and 397 (70.9%) were white. Of the remaining 163 non-white participants, 131 (80.4%) were aboriginal. The cohort spent a median of 12 hours on the street per day (IQR: 6-24 h).
Factors Associated with Injection
Of 560 ARYS participants, 230 (41.1%) had previously injected drugs, including 163 males (70.9%) and 67 females (29.1%). Of the remaining participants who had never injected, 291 (88.2%) reported that they were 'very unlikely' to try, 10 (3.0%) were 'unlikely', 5 (1.5%) were 'neutral', 1 (0.3%) was 'likely', 3 (0.9%) were 'very likely', and 20 (6.1%) declined to respond.
Univariate relationships between the outcome (lifetime history of injection drug use) and independent variables (sociodemographic factors and drug use-related behaviors) are shown in table 1 . Those more likely to have a history of injection were older, had not completed and were not currently enrolled in high school, had a history of homelessness, and a history of mental illness. Drug userelated behaviors associated with a history of injection included non-injection use of heroin, cocaine, crack and crystal methamphetamine, as well as an earlier age of first drug use. A sixth behavior, daily usage of marijuana, was associated with decreased odds of prior injection. Table 2 provides unadjusted odds ratios for all covariates as obtained from the univariate analyses, as well as adjusted odds ratios for all covariates included in the multivariate analysis. Variables that were significant at p ! 0.05 in univariate analyses and, therefore, included in the multivariate model were older age at study enrollment, high school education, history of homelessness, history of mental illness, prior non-injection heroin use, prior non-injection cocaine use, prior non-injection crack use, prior non-injection crystal methamphetamine use, daily marijuana use and earlier age of first drug use. All factors were associated with increased odds of injection except for two, high school education and daily marijuana use, which were associated with decreased odds. In multiple logistic regression, four factors remained significantly associated with lifetime injection history. Three of these factors were associated with greater odds of injection and included older age, non-injection heroin use and non-injection crystal methamphetamine use; the fourth, daily marijuana use, was associated with decreased odds of injection, even despite intensive covariate adjustment. Table 3 illustrates the circumstances of first injection stratified by gender. As noted in the table, the median age of first injection was significantly lower for females than for males. Others present at the time of first injection also differed significantly between males and females, with females having a sexual partner present much more frequently than males. Additionally, females were significantly more likely to become regular injectors (defined as injecting at least once weekly thereafter) within one week of their first injection than males.
Circumstances of First Injection
Discussion
In the present study, we observed that approximately two-fifths of street youth had previously engaged in injection drug use. Furthermore prior injection was independently associated with older age and non-injection use of heroin and crystal methamphetamine, an increasingly prevalent drug among high-risk youth [24] . Of note, youth engaging in daily use of marijuana were significantly less likely to have a history of injection, and this difference persisted despite intensive covariate adjustment. Upon closer examination of the circumstances of first injection among the cohort, we found that the median age of first injection was significantly lower for females than for males, and that females were more likely than males to have a sexual partner present for their first injection. Seventy percent of all injecting youth had previously used the same substance they injected in a noninjection form, and all but a few experienced little difficulty obtaining a needle, with family, friends or acquaintances being the most common source. Importantly, nearly half of all females became regular injectors within one week of their first injection, while fewer than onethird of males ultimately became regular injectors.
The high risk of transition to injection among streetinvolved users of heroin and cocaine (including crack) is supported by several other studies [14, 17, 19 ] . It appears that growing dependence on a drug through non-injection routes of administration is a common impetus for transitioning to injection [23, 30] . That neither non-injection use of cocaine nor of crack was associated with a history of injection in our sample may represent a dynamic unique to the Vancouver street youth population. However, both variables were strongly associated with injection drug use in the univariate analyses, only to lose significance in the multivariate analysis. This phenomenon might be explained by the high rate of polysubstance use among participants; that is, users of non-injection heroin or crystal methamphetamine might have also been more likely to use non-injection cocaine or crack, and variable adjustment in the multivariate model would have caused these variables to lose significance. Future studies should further characterize the role of these drugs in transitioning to injecting and explore the possibility of regional differences in their effects. Use of crystal methamphetamine, a drug strongly associated with injection drug use in our analysis, is at once highly prevalent among street youth and vastly understudied [28] . In particular, smoking crystal methamphetamine is common among street youth and the drug remains readily available in many settings despite great efforts to reduce its supply and regulate sales of its precursors [31, 32] . Its increasingly prevalent use is particularly concerning in light of one recent report suggesting that female methamphetamine injectors, when compared to their non-methamphetamine-injecting peers, may engage in high-risk behaviors, such as receptive syringe sharing, unprotected sex and maintaining multiple sexual partners, more frequently [33] . Our findings thus reinforce the great need for innovative approaches to curbing crystal methamphetamine use and its associated harms. Little data exists on the efficacy of maintenance therapies for the treatment of stimulant dependence, but some evidence exists that heroin substitution programs may be effective at reducing initiation into injection [34] . Recruiting street youth for such interventions, however, may prove especially difficult. Currently, one of the most commonly employed points of contact with at-risk youth is the judicial system, and methamphetamine-using youth in particular appear more likely than their peers to have a history of incarceration and to have interactions with police [24] . However, imprisonment of high-risk youth carries costs that probably far exceed those of addiction treatment [35, 36] , and may in fact be associated with greater transition to injection drug use [4, 5] . In this light, greater efforts might be made to intervene early with street youth before they have negative interactions with police, and to develop alternative criminal justice interventions so that high-risk youth can be directed to addiction services rather than to prison. That daily users of marijuana were less likely to have injected also requires careful consideration. A plausible explanation for this is that frequent marijuana users may represent a different subpopulation of street youth who, for multiple reasons, are uninterested in injection drug use. One recent qualitative study identified a group of street youth in Montreal who explicitly avoid the use of drugs such as heroin and cocaine that, in their opinion, are highly addictive and ultimately lead to drug dependence [23] . Instead, these youth prefer 'softer', more 'pleasurable' drugs such as hallucinogens, the casual use of which they do not view as interfering with eventual life goals. The small proportion of these youth who had attempted injection for a short time quickly returned to hallucinogens, expressing concerns about becoming dependent and losing control. Some of the daily marijuanausing youth in our cohort may self-identify in a similar manner, viewing their drug use as pleasure-seeking in nature and remaining uninterested in drugs such as heroin, cocaine and crystal methamphetamine, which they view as riskier substances. Therefore, an additional interpretation of our results is that some of the marijuana-using youth in our study had actually tried other psychoactive drugs for a short period of time and decided not to continue, whereas the prior injectors had tried these same drugs, enjoyed them and ultimately progressed to injection drug use.
Regardless, whether our findings directly contradict the traditional view of marijuana as a 'gateway' drugthat is, a drug whose use precipitates the use of harder and more addictive drugs -merits additional study. Among one recent cohort of adult injection drug users, those who had transitioned to injection drug use prior to the age of 21 years were more likely to have smoked marijuana in the two years prior to their first injection than those transitioning at an older age [19] . Although some might argue that this supports a 'gateway' theory of marijuana, an alternative argument deserves consideration. Conceivably, marijuana use superimposed on a certain set of personal and environmental risk factors, such as young age, thrillseeking and early exposure to abuse, or other traumatic events, family conflict or substance abuse among parents, could predispose youth to a steep trajectory towards the heavy and frequent use of harder drugs [5, 22, 23, [37] [38] [39] . By this same token, youth using marijuana in the absence of these risk factors would be less likely to progress to injection. In any case, future studies should thoroughly examine how the relationship between marijuana and subsequent transition to injection might be modified by such risk factors.
Like other earlier studies, we have demonstrated that the first injection experience varies between male and female first-time injectors [26, 37, [40] [41] [42] [43] . Our findings that female youth first inject in general a full year earlier than males and that females are more likely to have a sexual partner present at the time of first injection may support the conclusion that some females are coerced into injecting [44] . Alternatively, others have previously argued that the probability of a female having a sexual partner present at the time of first injection is greater simply because female injection drug users are more likely to have integrated sex and drug-using networks [45, 46] . Regardless of the underlying explanation, our findings also suggest that female youth may be more likely to become regular users within days of their first injection, thus highlighting the central importance of this experience for later drug use patterns. This is particularly concerning given the emerging recognition that for many initiates, future injection risk behaviors, including sharing needles and other paraphernalia, are established at the time of their first injection [18, 26] . As has been suggested previously, interventions to reduce the harms of injection may therefore benefit from a dual approach, aiming not only to prevent the transition to injection drug use, but also to provide current and potential injection drug users with the risk-negotiating skills and other resources necessary to protect themselves from disease when they do inject [26] .
There are several limitations to the present study. First, because street youth represent a 'hidden' demographic elusive to population-based sampling procedures, we employed extensive street-based outreach with snowball sampling, an approach that does not produce a truly ran-dom sample. However, it is noteworthy that the characteristics of our cohort are similar to those of other samples of street youth studied in western Canada. For example, one sample of street youth studied in Vancouver demonstrated a lifetime prevalence of injection drug use of 37.8% (as compared to 41.1% in our study) [47] . Second, our study primarily drew from self-reported information, and given the sensitive nature of many questions, there may have been some degree of socially desirable reporting among the youth interviewed, even despite our efforts to assure confidentiality and build trust with all participants [48] . The effect of this would be to underestimate the true prevalence of some of the risk behaviors examined. Third, our sample had a median age of 22 years, and our results should be interpreted with the understanding that our cohort may have been slightly older on average than those of other studies of street youth. Fourth, because our analyses drew on cross-sectional data, it is inappropriate to generate conclusions regarding temporality and causation based on the findings of our study alone.
In summary, this study builds on existing evidence by extending principles regarding the transition to injection drug use among older users to street youth. It also highlights the risk for injection among crystal methamphetamine users, a subgroup of street youth that has largely eluded epidemiologic study, and illustrates important gender differences in the circumstances of first injection among street youth. This population remains at once understudied and underserved, but represents an important target population for interventions aimed at reducing risk behaviors, particularly those related to the transmission of blood-borne pathogens such as HIV. Our findings suggest that an increased focus on the non-injection use of heroin and crystal methamphetamine may be required to prevent the transition to injection among street youth. Moreover, efforts to mitigate injection-related harm might re-examine the influence of sexual partners on injection practices among female street youth, and heed the substantially increased risk of becoming a regular injector in the time immediately following young women's first injections.
